Porous sintered fiber metals with different relative densities were successfully prepared by using vacuum sintering process. Compressive property and energy absorption capacity of porous sintered fiber metals were investigated under quasi-static conditions. The results indicate that compressive stress-strain curves of porous sintered fiber metals exhibit three distinct deformation regions: elastic region, stress plateau region and densification region. The compressive property of porous sintered fiber metals can be interpreted by the Gibson-Ashby theory. It is found that compressive property, energy absorption capacity and energy absorption efficiency of porous sintered fiber metals present significant relative density sensitivity. The energy absorption capacity of the samples rises from 7.17 to 25.75 MJÁm À3 when relative density increases from 0.177 to 0.355.
Introduction
Porous sintered fiber metals are currently being considered for a number of applications in all kinds of fields due to their unique porous structure and special physical properties, such as lower density, larger specific surface area, higher mechanical strength and excellent permeability. [1] [2] [3] [4] [5] Theoretical and experimental studies show that porous metals have outstanding energy absorption properties. The main reason is that the work was done by the force to it when porous metals were compressed. [6] [7] [8] As a result, energy absorption properties of porous metals have attracted considerable attentions. Recently, Casolco et al. have shown that energy absorption capacity of Zn-Al-Cu porous alloys by the replication process increases with an increase in yield stress and the range is approximately from 5.9 to 8.4 MJÁm À3 . 9) Wang et al. 10) and Cao et al. 11) demonstrated that cell size effects on the energy absorption capacity of open cell aluminum foam are not as significant as those on the modulus and strength of foams. Moreover, Nakajima emphasized that the stress and the absorbed energy of lotus copper at densification strain decrease with increasing porosity. 12) Compared with aluminum foams, 9) porous sintered fiber metals have excellent mechanical properties, such as higher compressive strength and excellent energy absorption capacity.
At present, there is an increasing interested in the energy absorption capacity of porous metals. 9, 10, 13) Unfortunately, in many case, the data of energy absorption capacity of porous sintered fiber metals are still limited so far.
In this work, porous sintered fiber metals with different relative density were manufactured by using vacuum sintering process. Compressive property and energy absorption capacity of porous sintered fiber metals were examined.
Experimental Procedures

Preparation of porous sintered fiber metals
In the present experiment, fibrous 316L stainless steel with nominal composition 00Cr17Ni14Mo2, were kindly provided by Xi'an Filter Metal Materials Co., LTD (China). The mean diameter of fiber is about 12 mm and this kind of fiber is fabricated by using drawing process. Porous sintered fiber metals were prepared by the sintering technology at vacuum environment. The porous sintered fiber metals were made by pressing the fibers with a weight during sintering. In this method, porous sintered fiber metals of each density completely depend on their thickness of the specimens. For each density of porous sintered fiber metals, there will be a corresponding limiter to control the thickness. The sintering process is as follows: samples were heated to 1000-1200 C at a rate of 8 C min À1 and held for 3 h in a vacuum environment (vacuum degree <10 À2 Pa), then were cooled down in the furnace.
Compressive tests
In order to gain information on the mechanical property of the porous sintered fiber metals, compressive tests were performed by using MTS 858 testing machine at room temperature, at a constant crosshead speed of 5 Â 10 À3 s À1 . Here, the compressive specimens were cut into dimensions of 20 mm Â 10 mm Â 10 mm.
Characterization of porous sintered fiber metals
The morphology of the porous sintered fiber metals was observed by employing scanning electron microscopy (SEM, Jeol-JSM 6460, Japan). Ã = s was defined as relative density of the porous sintered fiber metals, where Ã is the apparent density of porous sintered fiber metals, and s is the density of the corresponding compact material. Figure 1 shows the SEM images of horizontal and vertical sections of porous sintered fiber metals. A certain degree of non-uniformity of pore shape, size and distribution was observed. The porous sintered fiber metals exhibit most pores are irregular or stochastic and a relatively wide pore size presented in Fig. 1 . Compared with conventional sintered * 1 Graduate Student, Northwestern Polytechnical University * 2 Corresponding author, E-mail: xizp nin@163.com materials, the shape and structure of porous sintered fiber metals are more complicated. As a result, the fibers interlace together and pores show random arrangement. Figure 2 shows compressive stress-strain curves from porous sintered fiber metals samples with different relative density. The stress-strain curve consists of three regions, as shown schematically in the inset. The first region I is a linear elastic region with a steeply slope at a very low strain. Then, second region II is a stress plateau region that occurs after yielding and densification region (region III) where stress increases sharply with increasing strain. All porous sintered fiber metals in this experiment showed similar stress-strain curves, with each reaching a plateau stress and achieving strain of over 50% before showing densification region. The stress-strain curves of the porous sintered fiber metals can be interpreted by the Gibson-Ashby theory. 1) It can be seen from Fig. 2 that in initial deformation stage, the compressive stress increases dramatically with increasing strain. However, the elastic stage only occurred at a very low strain. And the highest stress was obtained at strain of about 0.03. The deformation mechanism of porous sintered fiber metals with open structure contribute to pores (the pores are held by struts) edges bending.
Results and Discussion
Microstructure characterization
Compressive behavior of porous sintered fiber metals
1) An important phenomenon was noticed from the Fig. 2 , compressive stress-strain curves of porous sintered fiber metals present smooth and long plateau stage, where the stress nearly constant with increasing strain.
14) Therefore, energy absorption is closely related with this region. The deformation mechanism of stress plateau region for porous sintered fiber metals stems from the bending and buckling of the cell walls and edges. 15) However, the plastic bending of struts for porous sintered fiber metals was the dominant deformation mechanism. 16) In region III, porous sintered fiber metals densification occurs due to the twisting and plastic collapse of the struts for porous sintered fiber metals, namely, struts fold each other.
Compared with compressive aluminum foams, porous sintered fiber metals exhibit higher compressive stress during compression. 10, 11, 13) The reason lies that structural defects, which in aluminum foams, lead to obvious loss of compressive property. 13) 3.3 Energy absorption capacity of porous sintered fiber metals The energy absorption capacity W of the porous sintered fiber metals can be obtained from the area under the stressstrain curve 1) and the energy absorption efficiency I were defined as follows:
where " m is the given strain, m is the corresponding compressive stress, and is the compressive stress as the function of strain ".
11)
In the present study, " m was defined here as 60% for relative density is 0.355 and 0.308. Furthermore, " m was defined here as 70% for relative density is 0.22 and 0.177. These strains were used as suggested by many researchers to investigate energy absorption capacity of porous metals. 9, 16, 17) The effect of relative density of porous sintered fiber metals on the energy absorption efficiency and energy absorption capacity is shown in Table 1 . The results indicated that relative density plays an important role in energy absorption capacity of porous sintered fiber metals during compression. It can be seen from Table 1 that the energy absorption capacity shows rapidly increasing trend with increasing relative density of the samples. The energy absorption of the samples increases from 7.17 to 25.75 MJÁm À3 when the relative density increases from 0.177 to 0.355. Additionally, relative density does have significant an effect on the energy absorption efficiency. Note that this phenomenon closely in agreement with the results emphasized by the previous researchers. 18, 19) 
Conclusions
In summary, porous sintered fiber metals with different relative density were fabricated by vacuum sintering process. The compressive stress-strain curves exhibit three distinct stages: elastic stage, stress plateau stage and densification stage. Relative density plays an important role in energy absorption of porous sintered fiber metals during compression. The energy absorption capacity of the specimens increases from 7.17 to 25.75 MJÁm À3 when relative density increases from 0.177 to 0.355. Moreover, the energy absorption efficiency is sensitive to the relative density. 
